Section 1: The saturated magnetization of MnGa and Co 2 MnSi layers in our experiment.
The saturated magnetization of Co 2 MnSi and MnGa layers are also obtained from the hysteresis loop of our MnGa/Co 2 MnSi bilayer samples, which is shown particularly in Figure S1 . As external magnetic field scanning from 50 kOe to -50 kOe, the moment change ∆ 1 and ∆ 2 (see Figure S1 ) reflect the saturated moments of Co 2 MnSi and MnGa, respectively. Since ∆ 1 = 3.99 × 10 −4 emu, ∆ 2 = 8.10 × 10 −5 emu, the sample area used for SQUID measurement is = 11.92 mm 2 (3.04 mm× 3.92 mm in rectangular shape, confirmed by vernier caliper), film thickness are MnGa = 28 nm, CMS =20 nm (confirmed by XRR measurement), the saturated magnetization of Co 2 MnSi and MnGa can be defined by the following relations: Section 3: Evaluation of the quality of MgO barrier.
As the MgO barrier in our multilayer is ultrathin (~2 nm), to directly analyze its crystal structure and atom component is a quite challenging work. Nevertheless, we can evaluate the barrier's quality indirectly by measuring the I-V curve of our MTJ sample (shown in Figure S3 ), which reveals the information of the atom diffusion degree. Here, I is the current, A is the junction area (50 × 50μm 2 in our case), e is electron charge, h is plank constant, t is the effective barrier thickness and is the effective barrier height. We limited the voltage range of our fitting within ±0.1 , for the non-negligible heating effect caused by high current may interfere the measurement. As a result, the fitted value shows ~ 2.2 nm and ~ 0.39 . Since the fitted barrier thickness is close to our experimental parameter, the effective barrier height is a bit low. It's an evidence to support the influence of impurity diffusion into MgO barrier.
